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Background: The aim of this prospective study was to identify the arterial anomalies constantly associ-
ated with nonrecurrent inferior laryngeal nerve by preoperative ultrasonography and impact on recur-
rent inferior laryngeal nerve palsy (RILN).
Method: The study included 332 patients who underwent thyroidectomy or parathyroidectomy between
2009 February and 2011 October. Preoperative ultrasonography was performed to all patients to identify
vascular anomalies related to NRILN. CT was performed only in patients with NRILN predicted with
preoperative ultrasonography. Systematic nerve dissection was performed surgically. Patient character-
istics, type of NRILN, preoperative and postoperative vocal cord mobility and morbidity were recorded.
Results: The NRILN was identiﬁed in 6 patients on the right side (1.94%). Preoperative ultrasonography
predicted NRILN in all cases (accuracy 100%).
Conclusion: Ultrasonography is a very reliable and simple method to be used in preoperative assessment
to identify vascular anomaly associated with NRILN to make optimal surgical decisions against nerve
damage in patients undergoing thyroidectomy or parathyroidectomy. Adequate surgical technique is of
great importance.
 2012 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
A non-recurrent laryngeal nerve is a rare anatomic variant that
should always be taken into consideration to avoid accidental nerve
injury during thyroid and parathyroid surgery.1 The NRILN occurs at
frequency of about 0.3%e1.6% and usually on the right side.2 NRILN
is associated with vascular anomalies of the aortic arches because
of embryologic reasons.3 Non-recurrence of the ILN is discovered
either during nerve dissection or by identifying the absence of
brachiocephalic artery.4 To minimize the risk of nerve injury is an
important clinical goal in thyroid and parathyroid surgery. RILN
palsy is the leading cause of malpractise claims regarding thyroid
surgery.5 Recurrent laryngeal nerve palsy causes voice impairment
and can diminish the overall quality of life in terms of social and
psychological perspectives.5,6 Treatment of vocal cord paralysis
may necessitate phonetic rehabilitation or surgical treatment.7
Several techniques have been described for identiﬁcation of
NRILN such as ultrasonography, duplex ultrasonography, barium
esophagogram, computerized tomography, magnetic resonance
imaging, angiography, intraoperative neurostimulation.1,3,457, Sok. No: 8/11, Çankaya,
12 321 00 89.
isir).
ciates Ltd. Published by Elsevier LtThe aim of this study was to investigate the efﬁcacy of preop-
erative ultrasonography to predict the arterial anomalies associated
with NRILN in patients undergoing thyroidectomy or
parathyroidectomy.
2. Materials and methods
Three hundred and thirty two patients undergoing thyroidectomy or para-
thyroidectomy in our institution between 2009 February and 2011 October were
included into this prospective, HIPAA compliant study. Hospital ethical committee
approval and informed patient consent were obtained.
Preoperative ultrasonography was performed to all patients to identify arterial
abnormalities associated with NRILN. The patients were placed in supine position
with the neck hyperextended using a high resolution ultrasound with linear array
transducers 3.6e13.1 MHz (Mindray DC-8, BioMedical Electronics co. ltd, Shenzhen-
China), for better imaging of infraclavicular region, 1.8e6.2 MHz curved array
transducer was used before surgery. Ultrasonography was performed with both
probes with the application of water-based, non-allergic ultrasound gel, color-
doppler was used after gray scale ultrasonography to show the vascular struc-
tures. After the identiﬁcation of right common carotid artery, the transducer was
angled caudally at the sternal notch in order to visualize its course from the neck to
its origin. The presence of the division of the brachiocephalic artery into the right
common carotid artery and right subclavian artery (Y sign) has been shown (Figs. 1
and 2). When the division of the brachiocephalic artery and the subclavian artery
was not evident, the course of right common carotid artery was traced to identify its
possible origin directly from the aortic arch. Right subclavian artery arising from the
posterior mediastinum separately from the common carotid artery was examined
with an oblique course in an orthogonal and deeper plane. The presence of a normal
brachiocephalic trunk was shown at the ultrasonography in 303 patients. Normallyd. All rights reserved.
Fig. 1. Y sign (the bifurcation of the brachiocephalic trunk in to the right common
carotid artery and the right subclavian artery).
Fig. 3. CT scan of the left part of the aortic arch. The diagnosis of arteria lusoria was
made preoperatively.
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and the presence of an abnormal right subclavian artery were conﬁrmed preoper-
atively by computerized tomography (Siemens, Somatom-Emotion Duo, Germany)
with a 2 detector scanner in 6 patients with NRILN predicted with ultrasonography
beforehand (Fig. 3). Parameters for CT scanning were as follows: peak voltage
120 kVp, slice collimation 5.0 mm, tube currents actually was 90 mAs. Contrast
enhanced CT was performed to these patients. Contrast material (Iomeron 300, non-
ionic contrast material, Patheon-Italy) in a volume tailored to the body weight of
each patient was injected via a cannula placed in the anterior cubital vein with
a ﬁxed injection time of 20 s. CT scans were started 4 s after the contrast injection.
Recurrent laryngeal nerve on both sides were identiﬁed with a standard surgical
procedure depending on usual anatomic landmarks. The thyroid lobe was retracted
medially, after ligation of the middle thyroid vein. The recurrent nerve was identi-
ﬁed by using the inferior thyroid artery and inferior edge of the thyroid cartilage as
landmarks. NRILN was dissected before dissection of upper pole especially in
patients with anomaly subclavian artery diagnosed by USG and CT.
Branches of the superior thyroid artery were ligated carefully. A gentle dissec-
tion was performed to prevent bleeding. Thyroid artery trunk which crosses the
nerve was tracted medially. Pulsation of subclavian artery was checked if the
laryngeal nerve can not be identiﬁed in its normal position immediately.
Patient characteristics (type of disease and operation), demographic data,
presence and type of NRILN, preoperative and postoperative cord mobility and
complications associatedwith nerve damagewere recorded. A vocal cord deﬁcit was
examined by ﬁberoptic laryngoscopy in all patients postoperatively by an
anesthesiologist.
3. Results
Patient characteristics were shown in Table 1. The mean age of
patients was 57  14 and female/male ratio was 3:1. Types of
operation were shown in Table 2. The NRILN was identiﬁed in 6
patients of 309 patients on the right side (Table 3). No anatomic
variationwas observed on the left side in 299 patients (Table 3). In 6
cases with NRILN, NRILN arose from the vagus nerve and descended
into the larynx together with the upper pole of the thyroid lobe in 2Fig. 2. Colored image of Y sign.patients (type 1, Fig. 4). NRILN was in connection with the inferior
thyroid artery, follows a transverse path parallel to and over the
trunk of the inferior thyroid artery in 3 patients (type 2a, Fig. 5).
NRILN follows a transverse path parallel and under the trunk or
between the branches of thyroid artery in 1 patient (type 2b,
Fig. 6).2 No nerve damage was encountered in any of the patients.4. Discussion
Inferior laryngeal nerve paralysis represents a major but
avoidable complication in thyroid and parathyroid surgery. There-
fore, intraoperative detection and veriﬁcation of NRILN are neces-
sary. Incidence of right NRILN is between 0.3% and 1.6%. Left sided
NRILN is extremely rare with an incidence of 0.04%.2 The incidence
of surgically conﬁrmed NRILN in our study was higher than usually
reported, which was 1.94%.
A NRILN is a rare anomaly resulting from an embryologic
developmental abnormality of aortic arches. It is characterized by
absence of brachiocephalic artery, direct origin of the right
common carotid artery from the arch of the aorta and the presence
of an aberrant subclavian artery (arteria lusoria). This vascular
anomaly was ﬁrst described by Bayford in 1789.8 The ﬁrst
description of a NRILN was by Stedman in 1823. Abnormal position
of right subclavian artery behind the esophagus was named as
arteria lusoria by Arkin.4 The development of the upper part of the
thorax and of the cervical region is based on the embryology of the
aortic arches.9 The inferior laryngeal nerves are dragged down in to
themediastinum due to axial growth of the neck and descent of the
heart. On the left side, the RILN recurs around the sixth arch, which
is ligamentum arteriosum. On the right side, since the ﬁfth and
distal part of the sixth arch disappears, inferior laryngeal nerve
migrates upward to lie beneath the fourth arch. It forms the initial
part of the subclavian artery. The common carotid artery directly
arises from the aortic arch. The right subclavian artery formed byTable 1
Patient characteristics.
Nodular goiter 32
Multi-nodular goiter 98
Diffuse toxic goiter 28
Euthyroidehyperthyroid goiter 41
Recurrent goiter 27
Thyroid carcinoma 38
Complementary thyroidectomy 17
Primary hyperparathyroidism 34
Secondary hyperparathyroidism 16
Parathyroid carcinoma 1
Table 2
Type of operation.
Bilateral total thyroidectomy (BTT) 204
Right total thyroidectomy 12
Left total thyroidectomy 10
BTT þ central compartment dissection 29
BTT þ functional lateral neck dissection 9
Complementary thyroidectomy þ central compartment dissection 17
Right parathyroidectomy 19
Left parathyroidectomy 13
Total parathyroidectomy with autotransplantation or 3 and half gland
parathyroidectomy
13
BTT þ 3 and half gland parathyroidectomy 5
Right parathyroidectomy þ functional lateral neck dissection 1
Fig. 4. Type 1 NRILN directly arises from the cervical vagus and runs together with the
vessels of the superior thyroid peduncle.
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originates below the left subclavian artery crosses themediastinum
behind the esophagus to reach the right axillary area.10
An anastomosis called Gallen’s loop, which is between the
recurrent nerve and superior laryngeal nerve may mistakenly be
identiﬁed as recurrent or nonrecurrent nerve. Another anastomosis
between recurrent laryngeal nerve and cervical sympathetic chain
that mimics a false nonrecurrent nerve may be present.11,12 In our
study, anastomosis between recurrent laryngeal nerve and cervical
sympathetic chain was detected in 8 patients but no Gallen’s loop
was observed.
Various methods have been used to diagnose and to identify the
existence of NRILN preoperatively. Barium esophagogram has been
recommended as a part of the preoperative evaluation before
thyroidectomy especially in dysphagic patients. Barium swallow
test shows a notch on the posterior wall of the esophagus. The
arteria lusoria may compress the esophagus in a small number of
patients. However, this symptom can be caused by primarily
thyroid nodule itself.4,13 Arteriogram can show the absence of right
subclavian artery and the left origin of the subclavian artery on the
aortic arch. CT scan is able to detect the arteria lusoria on the dorsal
side of the membranous wall of the trachea, allowing direct iden-
tiﬁcation of an aberrant vessel.14e17 But, CT have some pitfalls such
as exposure of patients to X rays and delay of examination, there-
fore we used CT only for conﬁrmation of the vascular anomalies of
patients that ultrasonography could not show Y sign. Angiographic
studies are invasive and risky to identify the presence of the arteria
lusoria. MR angiography is a less invasive method that has high
diagnostic accuracy, but it is too expensive.4 Angiographic methods
have been recommended in patients who need reoperative thyroid
surgery inwhom inferior laryngeal nerve was not found in previous
operation.15 Brauckhoff et al. stated that selective neurostimulation
of vagus is a very simple and reliable method to identify a NRILN
and to prevent nerve palsy.1 They have also shown lately that
a latency threshold of 3.5 ms after ipsilateral vagus nerve stimu-
lation was able to discriminate between a NRILN and RILN in
adults.18 On the other hand, intraoperative nerve monitoring has
some drawbacks in technical aspects such as lack of standardiza-
tion leading to highly variable results.19 Furthermore, externalTable 3
Recurrent inferior laryngeal nerve (RILN) and non-recurrent inferior laryngeal nerve
(NRILN) dissection number.
RILN
dissection
number
NRILN
number
Percentage
(%)
Right RILN dissection 309 6 1.94%
Left RILN dissection 299 0 0
Total RILN dissection 608branching of the RILN represents a potential reason of false positive
intraoperative nerve monitoring.20 Fixation of the vocal cord,
arytenoid subluxations, cuff related injuries and all drugs that cause
muscle relaxation may produce anesthesia related drawbacks for
intraoperative nerve monitoring.19 Huang and Wu advised that
a preoperative 3.5 MHz probe neck ultrasound scan can predict
right NRILN with 100% accuracy when compared to 10 MHz probe
in 2330 patients undergoing thyroidectomy. Two false positive
patients were found with 10 MHz probe neck ultrasound in the
same study.21 We used a 3.6e13.1 MHz probe and 1.8e6.2 MHz
probe neck ultrasound in our study and detected 6 NRILN in 332
patients undergoing thyroidectomy and parathyroidectomy with
100% accuracy. Huang and Wu stated the incidence of NRILN as
0.47% in their case series. The incidence of NRILN was 1.94% in our
study. Standard nerve dissection was applied to all patients in our
study but this point was not clearly identiﬁed in the previous study.
Nerve dissection in patients with NRILN, not recognized before
surgery is a very difﬁcult and stressful procedure for surgeon. If the
vessels of upper pole are tied before dissection of nerve in patients
with type 1 NRILN, the probability of damage to NRILN increases.
Before dissection of the upper pole, dissection of NRILN might
decreases the nerve damage in patients with arteria lusoria diag-
nosed by USG or other imaging techniques.
Ultrasonography is a noninvasive, inexpensive and effective
method that can predict the vascular anomalies to identify the
NRILN in preventing nerve damage.
In conclusion, systematic and careful dissection of RILN is the
best way to avoid nerve damage. Recognizing the NRILNFig. 5. Type 2a NRILN follows a transverse path parallel to and over the trunk of the
inferior thyroid artery.
Fig. 6. Type 2b NRILN follows a transverse way parallel to and under the trunk or
between the branches of the thyroid artery.
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undergoing thyroidectomy or parathyroidectomy.
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